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TECHNICAL NOTE 2187

BONDING INVESTIGATION OF TITANIUM CARBIDE

WITH VARIOUS ELEMENTS

By Walter J.Engel

Lewis FlightPropulsionLaboratory
Cleveland,Ohio
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BOllDllXllIWR3T131ATIOl!fOl?TJTAI?ICMCARBIDE

WITH VARIOUSEMWl?IS

By WalterJ. Engel

ScqMARY

Of 15 elementsMividually fusedon solidhigh-densitytitanium
carbideat minimumfusiontemperaturesin a heliumatmosphereand
at atmosphericpressure,onlynickel,cobalt,chromium,and silicon
produceiibondswith titaniumO&bide. Metallographicstudiesof the
interfacebetweenthe elementand the titaniumcarbidein the four
bondsIndicatedthat nickeland cobaltappearedto produceexten-
sive interlookfngbonds,with nickelshowingthe greaterpenetration.
The observedinterfacesprovidedinformationconcerningsome of the
reactionsinvolvedin bondingof elementsto solid.titaniumcarbide.
The 11 elementsthatdid not boniwith titaniumcarbideunderthe
condltionsin this experimentwere: aluminum,beryllium,columbium,
gold,iron,lead,magnesium,mamganese,platinum,titanium,and
Vanaaium.

INTRODUCTION

Effortsto increasethe powerof aircrafiturbineshave raised
a nuniberof power-plantproblem. one of which is the need for
materialssuitablefor u-seat temperatureshigherthanthosecur-
rentlyprevalent.Somematebialsthat chowconsiderablepromise
for high-temperatureapplicationin jet engineshavebeen fabri-
catedfrom conibinationsof ceramics and metals(cmamals)by the
sinteringprocess. Thisprocessaffordsa means of prcdudng com-
positionsat temperaturesbelowthe meltingpetitof the ceramic
constituent.Controlledsinteringof a powderedceramalcampact .
is generallyrecognizedas a methodcapableof producingsatis-
factoryhomogeneityand grainsize. Investigationof high-temperature
propertiesand.of mechanismsfor alloying and far bondingof metallic
and ceramicmaterialsis neoessaryfor the maximumunitizationof
ceramalsin aircraftpower@ants.

An investigationwas made at the NACALewisLaboratoryto study
the bondingof titanium-bide with variouselements.A secondary
purposewas to accumulateinfmmationregardingthemechanismof
bonding. Althoughthe conditionsof this investigationwere ~ot
directlyanalogousto thoseprevalentin the sinteringof a body of
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constituents,the reaotionsbetweenthe ~ /

solid titanium oarbidein thiS bonding
investigationappearedindicativeof thosebetweenint$nately&ed,
discretepartiolesas in a sinteredpowderbody.

Titaniumoarbidewas selectedas the basematerialfor bonding
studiesand theoreticalevaluationsbeoauseof itsrelativelyhigh
thermal-shockresistance(referende1). Cupped,hot-pressedbodies .
of titaniumoarbidewere obtainedfromthe IiortonCompany,ChIppawa
Falls,Canada.Metallographioexaminatio~of seotionedspeoimens
weremade in orderto determinethe t~e of bond.betweenthe tita-
nium oarbideand the elements. In thoseoaseswherethe metal
pelletsepsratedtiomthe titaniumcarbidecuppedimrfaceduringa
oarefulmiorospedmenpreparation,,evaluationof the bondingcharac-
teristicswas impossible.b eachinstancethatthe interface
failedin the preparationof the miorospedmen,additionalspeci-
mensweremade and observedfor confirmation.

Cuppedtitaniumoarbidebodieswere fabricatedby the Norton
Companyfl’ommaterialhavinga particlesizeof afiroximately
5 miorons● A mmposite spectrographicchemicalanalysisof the
bodies(basedupon sepsratedeterminationsby two laboratories)is
givenin ta%leI. The exoessoarbon,aoccu’dingto the manufacturer,
appearetto facilitateimpressionof-thetitaniumosrbidepowder.
Apparentdensitymeasurementsof the bodiesaveraged4.78 gramsper
cubiocentimeter.The oalcukted theoreticaldensityof titanium
mrbide is 4.91gramsper oubiocentimeter(referenoe1).

@

Aluminum,beryllium,chromium,cobalt,columbium,gold, iron,
lead,magnesium,manganese,niokel,platinum,silioon,tltanlum,
and vanadiumwere selectedfor investigation.lKlimination of other
.metallicelementswas done on the basisofavailabilityand tempera-
turelimitationsof equipment.The elementsare

.

Am’ARA’mSMD PROCEDURR

A graphite-electric-resistance.muffle-tme

desoribedin t&bleII.

furnaceemploying
a heli~ a%ospherewas used in fus~ the powderedelementsh th
oarbideCUPS. A schematicdiagramof the furnaceis shownin figure1. ,
The 15 elementsof the particlesizesshownin tableII were fused
on cupped,hot-pressedtitaniumoarbidebodies: linpurities introduced ,,
in the heliumatmospherewere of the typeaxmon to controlledatmos-
pheresat atmosphericpressurefor sinteringfurnaces.
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The powderedelementwas placedin thq titaniumoarbidecup
{fig.2(a))tiwas~unded approxktely 1/4 inohabovethe top
horizontalsurfaceof the mrbide body (fig.2(b)). A graphtte
boat,shapedto the oontourof the furnacemuffletube,was used
to Moldthe loadedrefractorycup. The lo@ed boatwas placedin
the firstwerm (approximately500°F) zoneof the furnace. After
5 minutesin thispreheatzone,the boatwas pushed.intothe hot
zone. The temperatureof the hot zoneduringeaohtest is givenin
tableII and was generallyabout100oF abovethe meltingpoints
givenin the InternationalCritioalTables(referenoe2). While
in the hot zone,the.powdermoundwas observedthrougha glass-
coveredobservationw$ndow. When the powdermound slumped,the
loaded.boatwas immediatelyplaoedin the secondwam zonefor
5 minutes;thenthe boatwas plaoedin the furnacecold zonefor
5 minutesand finallyremovedfrom the furnace, The flowrate of
heliumgas throughthe f%rmme was increasedflmm 50 to 250 cubio
feetper hourprecedingand duringany operationinvolvingopening
the furnme doorwhilea speoimenwas in the warm or hot zone.

A diamondcirmlar saw usedto sectionthe preparedt~tanium
oarbidespedmens (fig.2(0))lefta good surf’meat the cut,facil-
itatingpolish@ operations.The speoimenwas mountedon bakelite
and thenpolishedon silklapswith diamondabrasives.A hot aqueous
solutionof potassiumhydroxide- potassiumferrioyanidewas usedas
etchant. Soratoh-hardnessimpressionsweremadewith a Bierbaum
microcharaoteremployinga load of 9 gramsbeoausea load of 3 grams
wouldnot visiblysoratohmany of the surfaoesinvestigated.Widths”
of the scratchimpressionswere.optioallymeasuredwith a oal.ibrated
eyepieceand a microscope,“resolvingat amagnifioationof 2000.
The mhrohard~ss numberwas calculatedusingthe formula

where

k mlcrohsrdnessnumber

A widthof sczyrhh,miorons

The X-raydiffractionpatternsof the residuematerialat the
originaltitaniumcarbide- metal interfacein the nmadhering speci-
menswere photographedby the Debye-Scherrer-Hullpowdermethod,
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cameras,that is, *ters of 57.3and

The sole)mownpatternobservedwas that of titaniumcarbide;
however,somepatte~ containedseveralunidentifiedlines. The-
titaniumcarbidewas ac@red as a contaminantfrom the processof
~ccumulatimgthe residuein preparationfor the X-raydMfraction
Photography.

.*

,

Rlmms

PrelimharyExamination

Nickel,cobalt,chrcmium,and siliconMividually bondedwith
titaniumcarbidesufficientlywell to permitmetallurgicalexamina-
tion. The silicon- titaniumcarbidespecimenswere fragile,that
is, theyweremore easilybrokenin the sectioningoperationthan
thoseof nickel,cobalt,or chromiumwith titaniw carbide.

MetallographicEzaminaticn

The metallographicinvestigationswerebasedon numerousmicro-
scopicobservationsas well as the reportedphotcmicrographs.A
typicalexampleof the internalstructureof the originaltitanium
carbideis shownin figure3.

.?
The photomicrographsof titanipm

ctibitiematrixwith nickel,cobalt,chromium,or siliconare shown
in figures4, 5, 6, and 7, respectively.Approx-te locationof
the originaltitaniumcarbidesuri%aceis indicatedby a horizontal

%

linein each caseand is hereinaftertermedthe “originalinterface.”

Iiibkel(fig.4) d cobalt(fig.5) formeddistinct,inter-
connectingnetworksUOUi the originaltitaniumcarbidegrains.
Iiickelpenetratedfartherbelowthe originalinterfacethan cobalt,
as determinedby numerousmicroscopicobservations.AlthoughChrO-
mim (fig.6) clearlypenetratedthe carbide,it did not fo~ a
we~-defined,interlock~ ~=ostructure. Silicon(fig.7) did
not appearto penetratebetweenthe csrbidegrains. The nickeland
cobaltremainedas continuousphasesdownto the titaniumcarbide
particlesin the photomicrcgraphs.SolLtionof ti~i~ carbideWa’S
apper&Kly followedby its precipitationas separateparticlesupon
coolingin the nickel-richas well as in the cobalt-richzones,as
shownby the anguler,relativelysmallparticles.With the chrcmium
and the silicon,new phasesappearedto have formedadjacent-tothe ‘
titaniumcsrbidephase.

w

,
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HardnessMeasurements
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The averageBlerbaummicrohardnessvaluesof the specimensare
presentedin tableIII. ~ all cases,the titaniumcarbide-rich
zonewas harderthan the element-richzone. At the originalinter-
faceof nickel,cobalt,or chrcmiumwith titaniumcarbide,the herd-
nessvalueswere betweenthoseof the element-richand the titanium
carbide-richzones. Averagehardmss at the originalinterfacewas
highestfor the cobalt- titaniumcarbidespeoimen. Surveysof the
actualelementharnesses approachingthe interfaceof the bond indi-
catedthattheseherdnesseswere relativelyconstant.

D3SCUSSIOlTOF RliSUL!lB

MetallographicExamination

The criterionof metallographicevaluation
titaniumcarbidebond in this investigationwas

of the element-
takenas the presence

of a mechanicalinterlockingstructureor the formationof a new
phase,withnc considerationgivento the stre~h of the el~nt.
The valueof an elementas a binderwas assumedproportionalto the
extentof penetrationof the matrixby an interconnectedphase.

Microstructureof the nickel- h cobalt- ti~nium c=b~de
spechensindicatethatthesemetalspenetratedthe titaniumcarbide
alongmany of the grainboundaries.Silicon,however,did not per~-
tratebetweenthe grainsto any appreck%le extent. The penetration
of chromiumappearedto be intermediate.The type of penetration
exhibitedby nickeland cobaltis similarto one of the triesdescribed
in reference3, which statesthat “ifthe interphasetensionenergy
is lessthan onehalf that of the grainboundary,... the secondphase
will penetratealongthe boundaryindefinitely.”The temperatures
employedwere sufficientlyhigh for equilibriumanglesbetweenphases
to formnear the originalinterface.

The titanium:carbideis soluble(perhapsto a limitedextent)
in themoltenmetal. This volubilityis furtherevidencedbythe
presenceof precipitatestithe metal-richzonesin the microstruc-
ture. The factthattheseprecipitatesare noncontinuouswould
probablyendowa ceremalbody of thesematerialswith relativelygcod
thermal-shockresistance.

.
Both chromiumand siliconadheredto titaniumcarbideafter

coolingbelowthe meltingpoint. The amountof penetration,how-
ever,suggeststhatneitherelementsurroundsthe titaniumcarbide

.
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so thoroughlyas nickeland cobalt. Also,the”absorption F1

carbonor titanium,or both,may have formedcontinuous
phasesin the 61ement-richzone,which,upon cooling,prob-

ablyare & so ductileand thus not so r&istant to thermalshock
as a solidsolutioncontainingnoncontinuousphases. This effect , 3

may havebeenresponsiblefor the fragilityof the bond between 3,

siliconand titantumcarbide. ‘

. HardnessMeasurements

The Bierbaummicrohardnessreaddngs(tableIII)indicatethat
the hardnessof eachelement-richzonewas fairlyuniform. Larger
quantitiesof titaniumcarbide-werepresentin the niokeland the
cobaltinterfaces(comparedwith thoseof chromiumand silicon),
whichmay accountfor the.higherhardnessof theseinterfaces.

.
The increaseinhirdnessbetweenthe element-richzoneand

the originalinterfacei@ioates a markeddifferencein either
materialcompositionor condition,or both,for spechms of tits-.
nium carbidewith nickel,cobalt,or chromium. This increaseis
not true in the case of the siliconspecimen.Also,the increment .
inwardnessbetweenthe originalinterfaceand the titaniumcarbide
zonefor all the describedbondedspecimensshowsa changeImmaterial
compositionor condition,or both.-

SU%MRY OF

Solidtitaniumcarbidewas used
investigationswith 15 elements. Of
cobalt,chromium,and siliconbonded

REmIm

as the basematerialin bonding
these-elements,only nickel,
with titanimncarbide;niokel

andcobaltproducedthe most extensivebonds,and chrmmand silicon
the leastextensivebonds. Aluminum,beryllium,coluuibium,gold,
iron,lead,magnesium,~sej plat=, ti-um, and vanadium
did not bondwith titaniumcarbide. The appearanceof small,anguM?-
shapedprecipitatesb the niclml-richand cobalt-richzonessomewhat
substantiatedthe volubility(limitedperhaps)of titaniumcarbide
in nickeland cobalt. ~plopent of nickel,cobalt,and possibly
chromiumas bhder materialsfor sinteredtitaniumcarbidebodies
appearedpromising.

bwis FlightPropulsionLaborat~,
I?ationalAdvisoryCommitteeforAeronautics,

Cleveland,Ohio,July 20, 1950.
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TABLEI - comosITIoIF03?CUPPED

TITAMIUMCARBIDEBODSES

Constituent Weight
(percent)

Titaniumcarbide b96.50AO.86
Boron Trace
Carbon(excess) 1.90+0.60
columbium .10
cobalt .05
alrOnliuln Trace
Iron .01
Nickel .08
silicon .30+0.20

Titaniaa@or % .00
titaniumnitride

Tungsten .06+0.06

%omposite oppositionbasedupon
reportsfromtwo labo=tories.

bCalculatedvalue.
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TABLEII -KWDEREDEIEMM’WS
.

Element Furnaoe
tempera-
ture(hoi
zone)
(%?)

Aluminum
Beryllimm
chromium

cobalt

W1.llmbiulm

Gold

Iron
Lead
Magnesium

Niokel
Platinum
Silicon
Titanium

vanadium

1300
2550
3000
2800
3650
2050
2900
700
1300
2400

2750
3300
2680
3350

32b0

Purity
(perrt)

99
Premiumgrade

99.5
97.5
99.8
99.9
98.5

-------------
------- ”-----

99

99.9
99.9
97
98.5

92
-i

aAsreportedby sup@iers.
%xoluding Omluaea gases.

Partiolesizt
(Tylermesh)

-1oo

-325
300
300
-400
-1oo
300
10

Ribbon
99.9peroent

-325
300 ,
-1oo
-325

95 ~roent
-325
20

Supplier

CharlesHardy,Inc.
The BrushBerylliumCo,
CharlesBhrdy,Inc.
Charles~, Inc.
CharlesHardy,Inc.
CharlesHardy,Ino.
CharlesHardy,Inc.
-----------------------
----------------------
Mei@s Disintegmting
Co.,Ino.

CharlesHardy,Ino.
CharlesHardy,Inc.
CharlesHardy,Ino.
MetalH$@rides,Ino.

A. D. M8C~

TA81EIII— BIERBAUMMICROHARDIESSVAIUE!$

Spec)imen Averagehardnessnunibers

Element- original Titanium
rich inter- carbide-
zone face rioh

zone

Nickel- titaniumcarbide 620 ~ 10,900 13,800
cobalt- titaniumcarbide 1200 16,400 18,300
chromium- titaniumcarbide 760 2,800 16,400
Silicon- titaniumcarbide 5400. 5,800 17,800

%ierbaum miorooharaoterload of 9 grams.

.
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Figure 3. - Titaniwncarbide. Etchmt, potassium hydroxide - @E18BiWll ferrtt3W. -.
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